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Appendix C.9

Facility Disposition
Modeling

This appendix analyzes the long-term conse-
quences (generally over a 10,000-year analysis
period) of leaving contamination in major Idaho
Nuclear Technology and Engineering Center
(INTEC) facilities that would be closed as part
of the waste processing and facility disposition
alternatives described in this Environmental
Impact Statement (EIS). The U.S. Department
of Energy (DOE) acknowledges that impact pro-
jections that extend 10,000 years into the future
are not likely to be exact. However, these pro-
jections of impacts presented in this appendix
are useful in that they employ the same method-
ology, thus permitting comparisons of alterna-
tives.

DOE has revised waste inventory data and has
modified certain model assumptions and param-
eters from those used in the Draft EIS.
Therefore, this appendix provides the methodol-
ogy and revised impacts for all facility disposi-
tion alternatives analyzed in this EIS. A
Calculation Package (TtNUS 2001) is the major
sources of technical information used to support
this appendix. The appendix provides a descrip-
tive interface between the facility disposition
impacts reported in this EIS and the Calculation
Package.

Section 5.3 of this EIS presents the impacts from
the facility disposition alternatives. In most
cases, these impacts are the immediate, short-
term impacts from the activities associated with
disposition.  Facility disposition could leave
some residual contamination that could result in
long-term consequences. The Clean Closure
Alternative could leave residuals that would be
indistinguishable from background concentra-
tions. Under the alternatives that dispose of con-
taminated grout on the Idaho National
Engineering and Environmental Laboratory
(INEEL) or leave stored materials in the facili-
ties indefinitely, quantities of contamination
would remain in perpetuity.
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C.9.1 INTRODUCTION

C.9.1.1 Problem Statement

When high-level waste (HLW) facilities have com-
pleted their missions, good environmental stew-
ardship and Federal law require that the facilities
be closed in a systematic fashion that addresses
future risk to the environment and to people who
could be impacted by any remaining contamina-
tion. Two of the ways of addressing these risks are
to remove as much of the contaminated material as
is feasible and to stabilize that which remains.
Radiological contamination left in the facilities can
impact humans by direct radiation, and radiologi-
cal and hazardous contaminants can migrate from
the facilities through the environment such that air,
soil, groundwater, and surface water could become
contaminated. Once these media are contami-
nated, drinking water or eating foods that have
taken up the contamination can result in adverse
health effects. This appendix presents the analyti-
cal results of modeling potential contaminant con-
tributions from these existing facilities and the
low-level waste disposal options, so that relative
comparison can be made between impacts of vari-
ous facility disposition alternatives.

As discussed in Chapter 3, DOE considered multi-
ple conditions in which the facilities could be read-
ied for ultimate disposition. Some of these
alternatives would result in residual radioactivity
and nonradiological constituents that would
remain in the facilities after disposition and could
be transported to the environment at some point in
the future. DOE identified six alternatives that
could be implemented for disposition of some or
all of the existing INTEC facilities. These alterna-
tives are summarized here; more detailed descrip-
tions can be found in Section 3.2.1.

No Action - Under the No Action Alternative, the
calcine in the bin sets and the liquid mixed
transuranic waste/sodium-bearing waste (referred
to as mixed transuranic waste/SBW) in the Tank
Farm would not be treated and would remain in
existing storage facilities. During the period of
active institutional control through 2095, surveil-
lance and maintenance necessary to protect the
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environment and safety and health of workers
would be performed in the normal course of
INTEC operations. Beyond the period of insti-
tutional control, storage facilities could deterio-
rate and fail, allowing contaminants to migrate
into the environment. (The Continued Current
Operations Alternative described in Section
3.1.2 would calcine all remaining mixed
transuranic waste/SBW and store the calcine in
the bin sets indefinitely. As a result, the bin set
source terms would be somewhat increased from
those evaluated for the No Action Alternative.
Although this alternative was not specifically
analyzed in this appendix, the impact of the
increased source term is discussed qualitatively
in Section C.9.6.)

Clean Closure - Under this alternative, facilities
would have the hazardous wastes and radiologi-
cal contaminants, including contaminated equip-
ment, removed from the site or treated so that the
hazardous and radiological contaminants would
be indistinguishable from background concen-
trations. Clean Closure could require total dis-
mantlement and removal of facilities. Use of the
facilities (or the facility sites) after Clean
Closure would present immeasurably small risk
to workers or the public from contaminants from
previous activities.

Performance-Based Closure - Closure methods
would be dictated on a case-by-case basis
depending on the risk associated with radiologi-
cal and chemical hazards. The facilities would
be decontaminated such that residual waste and
contaminants no longer pose an unacceptable
exposure or risk to workers or to the public. For
the Tank Farm and bin sets, DOE anticipates
using a specially engineered grout mixture to be
placed in these facilities as a waste stabilization
method. The grout would be specially engi-
neered to provide favorable characteristics that
would provide long-term structural support and
that would bind any residual contaminants to
reduce leaching to groundwater. The specially
engineered grout produces reducing conditions
and is commonly referred to as reducing grout.

Closure to Landfill Standards - The facility
would be closed in accordance with the state and
Federal requirements for closure of landfills.
Closure to landfill standards is intended to pro-
tect the health and safety of the workers and the
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public from potential releases of contaminants
from the facility. This could be accomplished by
installing an engineered cap, establishing a
groundwater monitoring system, and providing
post-closure monitoring and care of the waste
containment system, depending on the type of
contaminants. As with the Performance-Based
Closure, DOE anticipates using a specially engi-
neered (reducing) grout mixture to be placed in
these facilities as a stabilization method for the
Tank Farm and bin sets. The reducing grout
would be designed to provide favorable charac-
teristics that would provide long-term structural
support and that would bind contaminants to
reduce leaching to groundwater.

Performance-Based Closure with Class A
Grout Disposal - As discussed in Section 3.1,
some of the Separations Alternative options
remove sufficient quantities of transuranics and
highly radioactive nuclides such that the remain-
ing fraction could be stabilized with grout and
categorized as Class A-type low-level waste. In
such cases, this grouted waste could be disposed
in (1) a near-surface disposal facility on or off
the INEEL or (2) the Tank Farm and bin sets.
Under this facility disposition alternative, the
Tank Farm and bin sets would be closed as
described for the Performance-Based Closure
Alternative. Following completion of these clo-
sures, the Class A-type low-level waste grout
would be placed in the underground tanks and
bin sets. The grout would be designed to provide
favorable characteristics that would provide
long-term structural support and bind contami-
nants to reduce leaching to groundwater.

Performance-Based Closure with Class C Grout
Disposal - As discussed above for Performance-
Based Closure with Class A Grout Disposal,
radionuclide separations could result in a low-
level waste fraction that would be suitable for
disposal in the underground tanks and bin sets at
INTEC. If the separations process is designed to
leave higher concentrations of some radionu-
clides in the low-level waste fraction, that frac-
tion could be stabilized with grout and
categorized as Class C-type low-level waste.
Under this facility disposition alternative, the
Tank Farm and bin sets would be closed as
described above for the Performance-Based
Closure Alternative. Following completion of
these closures, the Class C-type low-level waste
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grout would be placed in the underground tanks
and bin sets. The grout would be designed to
provide favorable characteristics that would pro-
vide long-term structural support and bind con-
taminants to reduce leaching to groundwater.

The Class A or Class C-type low-level waste
grout could also be disposed in a near surface
disposal facility on or off the INEEL. If the dis-
posal option selected for the grouted Class A or
Class C-type low-level waste fraction is an off-
site near-surface landfill, the waste would be
prepared for transport and shipped accordingly.
If the onsite near-surface landfill option is
selected, DOE would construct the new Low-
Activity Waste Disposal Facility on the INEEL.
For purposes of analysis in this EIS, this facility
would be built in the vicinity of INTEC and
would be designed in accordance with applicable
regulations. In addition to the six alternatives for
disposition of existing facilities, this appendix
analyzes the long-term impacts associated with
the new Low-Activity Waste Disposal Facility.

C.9.1.2 Long-Term Impact Analysis
for Facility Dispoeition
Alternatives

For purposes of long-term impacts analysis in
this EIS, DOE determined that the Clean Closure
Alternative removes residual contamination to
be indistinguishable from background levels so
there is no long-term impact. In addition, DOE
estimated that the residual inventories under the
Performance-Based Closure Alternative and the
Closure to Landfill Standards Alternative are so
similar that a single analysis can accommodate
both alternatives. Finally, with regard to offsite
low-level waste disposal options, DOE assumed
that such facilities would have undergone all the
necessary environmental review and permitting
in accordance with applicable regulation.
Therefore, this appendix analyzes long-term
impacts for only the following alternatives:

e No Action

e Performance-Based Closure/Closure to
Landfill Standards

e Performance-Based Closure With Class
A Grout Disposal

ldaho HLW & FD EIS

e Performance-Based Closure With Class
C Grout Disposal

* Class A Grout Disposal in a New Low-
Activity Waste Disposal Facility

* Class C Grout Disposal in a New Low-
Activity Waste Disposal Facility

Table 3-3 identifies the many facilities at INTEC
that are subject to facility disposition and the
facility disposition alternatives applicable to
each.

For long-term impacts analysis, the facility list
was narrowed because DOE determined that just
five facilities contain, by far, most of contamina-
tion that could contribute to long-term impacts.
These facilities are identified in Table C.9-1,
along with the applicable facility disposition
alternative and the general type of contamination
remaining in the closed facility.

C.9.1.3 General Analytical Method

The approach DOE used to calculate long-term
impacts is outlined in Figure C.9-1. The steps
and activities associated with facility disposition
modeling are very complex and this appendix
provides an overview of the process. Details of
the approach are available in the supporting
Calculation Package (TtNUS 2001).

Develop Conceptual Models - Conceptual mod-
els are simplified representations of real-world
conditions. For long-term impact modeling, the
conceptual model includes identification or
specification of the geometry of the contamina-
tion, the nature and geometry of the engineered
containment, the timing of the failure of engi-
neered containment, the natural mechanisms that
can release the contamination to various media,
the methods by which people can be exposed,
the types of people that would be exposed, and
the parameters that will be reported as final
results. As an example, for Performance-Based
Closure of a HLW tank, the contamination could
be modeled as a pancake of contamination at the
bottom of the tank, with grout and soil above and
concrete and soil below. The conceptual model
could choose to ignore the stainless steel tank.
Infiltration of water through the soil, grout, and

DOE/EIS-0287
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Table C.9-1. Facilities selected for long-term closure analysis.

Applicable alternative

Contaminant description

Performance-based Closure/Closure to

Class A or Class C Grout Disposal

Facility
Tank Farm No Action
Landfill Standards
Bin sets No Action

Performance-based Closure/Closure to

Landfill Standards

Class A or Class C Grout Disposal

Process Equipment Waste
Evaporator

New Waste Calcining
Facility

Low-Activity Waste Disposal
Facility

Performance-based Closure/Closure to
Landfill Standards

Performance-based Closure/Closure to
Landfill Standards

Class A or Class C Grout Disposal

Stored SBW

Residual contamination

Residual plus Class A or
Class C-type grout

Stored calcine

Residual contamination
Residual plus Class A or Class
C-type grout

Residual contamination

Residual contamination

Class A or Class C-type grout

contamination could then release the con-
stituents of the contamination to move down-
ward through the concrete, soil, and eventually
into the groundwater. Containment failure at
500 years would accelerate the release process.
Following assumed loss of institutional control
in 2095, a future resident could drill a well into
the aquifer below INTEC and drink the water,
resulting in radiation exposure expressed in
terms of lifetime dose in millirem. The concep-
tual models DOE used (see Section C.9.2) are
consistent with this example but have more ele-
ments and are more detailed. Separate concep-
tual models were developed for each
combination of disposition alternative and facil-

ity.

Determine Initial Contaminant Inventory - DOE
used engineering studies to determine a best esti-
mate of the contents of the tanks, bin sets, and
other facilities selected for closure under the var-
ious alternatives. These studies were based on
records of what materials went into the facilities,
an accounting of changes that have occurred
since the materials were placed into the facilities,
and direct measurements of existing volumes
and contaminant concentrations. The initial
inventories are described in Section C.9.4.1.
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Screen Contaminants - Since only a limited
number of contaminants contribute appreciably
to long-term impacts, DOE developed and
applied a method (referred to here as "screen-
ing") to identify those contaminants of potential
concern that warrant detailed quantitative analy-
sis. The multi-step screening process, which is
described more fully in Section C.9.4.2, results
in the identification of a few constituents that
would produce the greatest long-term impacts.
The screening process is dependent on the con-
ceptual models, as indicated in Figure C.9-1.
For example, a constituent that is very insoluble
in water, and thus potentially insignificant in a
water pathway, might prove to be a key con-
stituent in a direct radiation pathway. The
screening process for direct radiation is different
than screening for a groundwater release path-
way. As described in Section C.9.2, the concep-
tual model development resulted in only two
major exposure modes being analyzed: ground-
water and direct radiation.

Calculate Water Infiltration Releases from
Facilities - Transport of contaminants to the
groundwater requires infiltration of water
through the facilities. DOE used a computer
program (MEPAS) to estimate release rates of
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Develop
Conceptual
Models
(C.9.2)*

Determine Initial
Contaminant
Inventory
(C.9.49)

Y

Screen
Contaminants
(C.9.4.2)

Y
Calcu.late V_Vatel‘ Calculate Direct
Infiltration Radiation
Releases from Facilities (C.9.3.3)
(C.9.3.9)

Calculate
Transport to
Groundwater
(C.9.3.2)

*Nomenclature in parentheses refer to section numbers in this appendix.

Calculate
Groundwater
Concentrations
(C.9.3.2)

Calculate
Health Effects
(C.9.3.4;C.9.5)

FIGURE C.9-1.

General Analytical Method.

C.9-5
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constituents that would result from infiltration of
water through the closed facilities.'" The com-
puter program was configured to represent the
conceptual models (Section C.9.2) and the input
parameters were tailored for the conditions in the
facilities and their environs. The resulting
release rates were presented as a function of time
over the analysis period of 10,000 years. Section
C.9.3.1 describes the computer program and
explains how this analysis was performed.

Calculate Transport to Groundwater - DOE
used another computer program (TETRAD) that
incorporates the constituent release rates from
the facilities as inputs and calculates contami-
nant transport through the unsaturated soil to the
groundwater. The TETRAD model was config-
ured for a reasonable representation of the sub-
surface conditions known to exist under INTEC.
The result of this calculation is groundwater con-
centrations, as a function of time, in the Snake
River Plain Aquifer underneath INTEC. Section
C.9.3.2 provides more information on calcula-
tion of contaminant transport to the groundwater.

Calculate Groundwater Concentrations -
Groundwater concentrations are important end-
points because they are used as inputs to the
human health impact analysis and because the
concentrations can be compared to Federal
drinking water regulations. These concentra-
tions were calculated using the TETRAD com-
puter program described in the previous step.
Section C.9.3.2 provides more information on
calculating groundwater concentrations.

Calculate Direct Radiation - Based on the con-
taminant screening results described in Section
C.9.4.2 and the geometries of the conceptual
models (Section C.9.2), it is possible to calculate
radiation dose rate from radiologically contami-
nated soils and closed facilities. The conceptual
models also identify the assumptions governing
receptors which lead to direct exposure to radia-
tion so that radiation dose to these receptors can
be calculated. Section C.9.3.3 describes how the
direct radiation doses were calculated.

- New Information -

Calculate Health Effects - Once direct radiation
fields and groundwater concentrations are
known, this information, combined with the liv-
ing habits of the receptors (Section C.9.2.2), can
be used to calculate contaminant intake (mainly
by ingestion and inhalation) and direct radiation
exposure of human receptors. This allows the
determination of human health impacts in terms
of the analytical endpoints described in C.9.2.4.
Section C.9.3.4 describes these calculations of
impacts to human receptors. The results are
summarized in Section C.9.5.

C.9.2 CONCEPTUAL MODELS

C.9.2.1 Release and Exposure Modes

DOE has identified three general mechanisms by
which individuals could be impacted by residual
contamination as follows:

* Contaminants could be transported to
the aquifer under the facilities and even-
tually reach wells allowing humans to
access the contaminated water for drink-
ing, irrigation, and other purposes.
(Surface water exposure scenarios were
not considered credible events for the
setting and time frames analyzed.)

» Contaminants in closed facilities could
emit gamma radiation which could
directly irradiate humans in the vicinity.

» Contaminants could be released to the
environment through airborne pathways
due to degradation and weathering of the
bin sets wunder the No Action
Alternative.

Except for the scenario of the bin sets under No
Action identified in the third bullet above, and
airborne pathways resulting from groundwater
pumped to the surface, DOE does not believe
that there are other credible ways in which con-

' The term “closed” is used in the Resource Conservation and Recovery Act (RCRA) sense of the word - that is,
approved closure plans would be prepared and implemented for the underground tanks, bin sets, and new Low-
Activity Waste Disposal Facility in accordance with applicable hazardous waste regulations.
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taminants could be introduced to the air after
closure of the underground tanks, bin sets, or
new Low-Activity Waste Disposal Facility.
More specifically, where approved closure plans
have been implemented for these facilities, it is
assumed that water infiltration will eventually
move contaminants down to the groundwater as
waste containment structures gradually lose
integrity, and that this will occur before weather
erodes the surface exposing contaminants for air
transport.

The airborne pathways associated with the bin
set - No Action scenario are addressed as facility
accidents in Section 5.2.14 and Appendix C.4.
The abnormal event accident described in Table
C.4-2 provides the bounding long-term air
release analysis for bin set failure. This accident
involves the degradation and ultimate failure of
one of the bin sets after the end of the institu-
tional control period at 2095. Since the air
impacts due to bin set accidents are addressed in
Appendix C.4, the remaining subsections in this
appendix only describe the conceptual models
for groundwater and direct radiation exposures.

C.9.211 Groundwater Release
and Exposure

Figure C.9-2 illustrates the conceptual model
used by DOE in evaluating the impacts to indi-
viduals from groundwater releases following
facility closure. As shown in the figure, the
transport of contaminants would be accom-
plished via infiltration of rainwater, which would
eventually leach contaminants from the facilities
and transport them down through the unsaturated
zone to the aquifer. DOE's conceptual model for
infiltration begins with the rainfall in the INTEC
area and deducts run-off and evapotranspiration
typical of the INTEC area. The permeability of
the overlaying soil, engineered structures, and
contaminate layer all influence the flux of water
through and from the facility. The chemical
properties of the water after passing through the
engineered structures and the tenacity (known as
a distribution coefficient) of the concrete, soil,
and contaminant medium to retain radioactive or
hazardous constituents determine the concentra-
tion of contaminants in the water.

The conceptual model also accounts for methods
by which people could be exposed to groundwa-

C.9-7
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ter. These methods include the following expo-
sure pathways, which all rely on the water being
pumped from the Snake River Plain Aquifer to
the surface:

*  Drinking contaminated groundwater

»  Using groundwater to irrigate food crops
and to water animals used for food

* Inadvertent ingestion of soil contami-
nated by groundwater irrigation

* Breathing air containing contaminated
soil particles

* Absorption through skin contact with
contaminated soil or water

DOE conservatively assumed that the well water
is withdrawn from the location of peak aquifer
concentration for each contaminant, even if the
peak concentration for different contaminants
occur at different points within the aquifer.
Similarly, cumulative dose and risk are deter-
mined assuming that peak aquifer concentrations
for each contaminant overlap in time. The
method used for estimating intakes of contami-
nants from ingestion of contaminated groundwa-
ter or crops grown on contaminated site soils or
irrigated with groundwater is based on the
methodology developed for baseline risk assess-
ments previously performed for INTEC (DOE
1994, Rodriguez et al. 1997). DOE evaluated
these exposure routes by assuming that the con-
taminants in soil and groundwater (irrigation
water) are transferred to various food crops by
means of deposition (from overhead irrigation)
and root uptake. The soil concentrations used
for root uptake (as well as inadvertent soil inges-
tion) were calculated under the assumption that
the only significant pathway for soil contamina-
tion was through irrigation with contaminated
groundwater.

The major assumptions that DOE made in its
assessment of groundwater release impacts are
as follows:

» To be conservative, any residual con-
taminants left in the tanks and bin sets
after flushing and/or final cleaning
would be assumed to reside on the floor
of the facility, thereby creating a higher

DOE/EIS-0287
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Water Infiltration

Irrigation

drinking water
- humans

[

Contaminated Zone —
(such as tank residuals)

Basemat

Unsaturated Zone —|

Saturated Zone —
(groundwater)

FIGURE C.9-2.

Generalized conceptual model for groundwater release.

- food animals

R,

~— Well

concentration layer. Contaminants in
the Class A and Class C-type grout are
assumed to be uniformly distributed
throughout the grout.

* At 500 years, the concrete and grout in
the tanks and bin sets assumes the same
hydrogeologic transport characteristics
as the surrounding soil; however, chem-
ical properties of grout and concrete are
assumed to remain unchanged.

* The present environmental conditions
including meteorology, infiltration rates,
and geologic conditions would remain
constant throughout the entire 10,000-
year period of analysis. (The sensitivity
studies discussed in Section C.9.6
explore the impacts of changing precipi-
tation.)

Assumptions for specific receptors are provided
in Section C.9.2.2. Conceptual assumptions spe-
cific to alternatives or facilities are provided in
Section C.9.2.3.

DOE/EIS-0287
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C.9.21.2 Direct Radiation

The assessment of direct radiation exposure sce-
narios includes cases where future receptors are
exposed to direct radiation from (a) radionu-
clides in contaminated soil and (b) residual
radioactivity in closed facilities including the
Tank Farm, bin sets, New Waste Calcining
Facility, Process Equipment Waste Evaporator,
and (c) Class A or Class C-type grout in the Tank
Farm, bin sets, or a new Low-Activity Waste
Disposal Facility. DOE developed exposure sce-
narios for contaminated soil and closed facilities
for which some of the assumptions are described
below. Separate discussions are provided for
soil and closed facility contamination assess-
ments since there are major differences in the
methodology between the two.

Direct Radiation from
Contaminated Soil

The conceptual model for direct radiation from
soil is based on soil that has been contaminated
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by irrigation from contaminated groundwater.
As a result, the radioactive contaminants in
groundwater are the only ones assumed to be
found in the soil. These radionuclides are further
assumed to be evenly distributed in the top 6
inches of soil; the contaminated land extends
infinitely in all directions. The concentration of
contaminants in the soil has been calculated
based on equations presented in Section 3.6 of
the Calculation Package. The dose rate at 1 foot
above the surface is used to calculate total life-
time dose for the various receptors.

Direct Radiation from
Dispoeitioned Facilities

The approach for modeling external radiation
dose from radionuclides in dispositioned facili-
ties begins with the development of a conceptual
model which defines the source geometry,
dimensions, and shielding materials for each
source facility. For some existing facilities, this
model is closely patterned after the actual con-
struction of the facility under evaluation, while
for others simplifying assumptions were neces-
sary. For example, the source geometry and con-
struction materials used for the Tank Farm
model closely approximate those of existing
storage tanks, whereas a simplified geometry is
used to approximate the more complex array of
calcine storage bins within a bin set. DOE then
made conservative estimates for the average dis-
tance between receptor and source for each cate-
gory of receptor and source facility. The
radionuclide inventories in the closed facilities
are based on estimates for the year 2016 (Staiger
and Millet 2000; Demmer and Archibald 1995;
Barnes 2000) and then decay-corrected to apply
to the time frame of the specific cases assessed.
More details on these conceptual models are
found in Section 5.2.2 of the Calculation
Package.

C.9.2.2 Receptor ldentification

In its consideration of disposition activities,
DOE recognized that certain types of receptors
are the most likely to be impacted by the closure
scenarios. To identify the specific receptors for
which analyses would be performed, DOE con-
sidered real receptors (known individuals and
populations) that could be impacted in the pre-
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sent or near-term time frame, as well as hypo-
thetical receptors that could be exposed under
bounding conditions at any time throughout the
10,000-year period of analysis. In postulating
these receptors, DOE assumed that certain activ-
ities, such as construction of residences or indus-
trial complexes, could occur on or near the land
where the dispositioned facilities are located.

DOE evaluated impacts to eight receptors. Two
of these receptors, the INEEL Worker and the
Unauthorized Intruder, had exposures before the
end of institutional control and were thus not
truly representative of long-term impacts. One
receptor, Average Resident, was similar in nature
and bounded by the Maximally Exposed
Resident. The Indoor Worker was similar in
nature and bounded by the Construction Worker.
Therefore, the analysis in this EIS is simplified
to cover the following four receptors, which rep-
resent several potential future uses of the land.

* Maximally Exposed Resident - a resi-
dent farmer who lives in a dwelling con-
structed at the INTEC site after the
period of institutional control and who
uses the land for subsistence. This
receptor would obtain all of his domes-
tic and agricultural water supply from a
well drilled into the aquifer, which is
assumed to be affected by contaminant
releases from compromised disposi-
tioned facilities. The maximally
exposed resident is assumed to be
exposed for a duration of 30 years.

*  Future Industrial Worker - an adult who
would have access to the site after the
period of institutional control but who is
considered to be a member of the public
for compliance purposes. The future
worker is assumed to be exposed for a
duration of 25 years.

* Future Intruder - a person who gains
access to the site after the period of insti-
tutional control and engages in activities
(such as digging around buried radiation
sources) that exacerbate the radiation
exposure hazard. For Tank Farm sce-
narios, it is assumed that the intruder
unknowingly excavates to the top level
of a HLW tank, eliminating the shielding
afforded by the soil overburden. This
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assumption results in higher projected
impacts from the Tank Farm scenarios
than from the equivalent scenarios for
the bin sets. By design, the Tank Farm
relies on soil overburden for shielding.
The intruder would remove that soil
overburden, causing a substantial rise in
dose rate. The 1 1/2 feet thickness of
concrete on top of the tanks is ignored in
calculating impacts to the intruder. In
contrast, the bin sets have thick shield-
ing built into their design (because they
are not completely under ground), which
result in lower impacts for the intruder.
Although the intruder was assessed pri-
marily for exposure to external radiation
sources, exposure to soil contaminated
with radionuclides was also considered.
The intruder was not analyzed for non-
radiological risk since the contaminant
intake potential is very much lower than
for other receptor categories. The
intruder is assumed to be exposed for a
duration of 1 day.

» Recreational User - a person who rou-
tinely would visit the affected area after
the period of institutional control and
use the area for recreational activities,
including camping, hiking, and hunting.
The recreational user is assumed to be
exposed for a duration of 2 weeks per
year for 24 years.

Table C.9-2 identifies which exposure pathways

apply to each of the four receptors and provides
the defining characteristics of each receptor.

C.9.2.3 Analyzed Scenarios

A scenario is a specific combination of a facility
closure alternative and a facility. DOE has iden-
tified 12 separate combinations of alternatives
and facilities, each of which has been analyzed
for all the selected receptors. Table C.9-3 iden-
tifies these scenarios. For example, the first sce-
nario (facility-alternative combination)
identified in the table is Tank Farm - No Action.

DOE/EIS-0287
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Some of the assumptions that apply to the sce-
narios generally are as follows:

* The impact area in question is the gen-
eral vicinity of the current INTEC.
Institutional control would be main-
tained over this area until the year 2095.
After that time, it is assumed for pur-
poses of analysis that this area would not
be controlled, and could be used for res-
idential, agricultural, industrial, or recre-
ational purposes for a period of roughly
10,000 years.

 For alternatives other than the No
Action Alternative and Performance-
based Closure with Class A or Class C
Grout Disposal, DOE assumed that a
clean grout material would be used to
fill the Tank Farm and bin sets to pro-
vide long-term structural stability. DOE
also assumed that this would be a reduc-
ing grout in order to provide favorable
characteristics that would inhibit the
leaching of some contaminants to the
aquifer.

»  Except for the case of No Action for the
bin sets, there would be no credible sce-
nario under which significant amounts
of radionuclides from closed facilities
would be released to air.

» Surface water exposure scenarios were
not considered credible events for the
setting and time frames analyzed.

Assumptions related to specific alternatives or

scenarios are described below.

No Action Alternative

As discussed in Chapter 3, under the No-Action
waste processing alternative, waste would
remain in the Tank Farm and bin sets. Because
the Tank Farm and bin sets under No Action con-
tain the great majority of contaminants among
all the HLW facilities, only these two scenarios
are analyzed as part of No Action. In its evalua-
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Table C.9-2. Exposure pathways for each receptor.

Receptor Primary exposure sources

Exposure pathways

Maximally exposed resident groundwater

facility sources

Future industrial worker groundwater

facility sources
Future intruder groundwater
facility sources

Recreational user groundwater

facility sources

- drinking water
- soil ingestion
- dermal contact with soil and groundwater
- eating food from irrigated garden
a.  vegetables and fruits

b.  grains
- eating food from watered animals
a. meat
b. poultry
c.  milk and milk products
d. eggs

- inhalation of soil particles suspended in air

- direct radiation from contaminated soils
- direct radiation from dispositioned facilities

- drinking water

- soil ingestion

- dermal contact with soil and groundwater
- inhalation of soil particles suspended in air

- direct radiation from contaminated soils
- direct radiation from dispositioned facilities

- soil ingestion
- inhalation of soil particles suspended in air

- direct radiation from contaminated soils
- direct radiation from dispositioned facilities

- drinking water

- soil ingestion

- dermal contact with soil and groundwater
- eating meat of game animals

- inhalation of soil particles suspended in air

- direct radiation from contaminated soils
- direct radiation from dispositioned facilities

tion of impacts, DOE has assumed that no fill
material is placed in the facilities. Section 2.3 of
the Calculation Package provides more detail on
the No Action scenarios.

Under the Tank Farm - No Action scenario,
which is represented in Figure C.9-3, a compos-
ite tank is assumed which contains all of the con-
tents of the tanks (five full tanks of mixed
transuranic waste/SBW and six tanks emptied to
their heels and containing residual contamina-
tion). The contents of the composite tank are
assumed to leach through the basemat and into

the soil beneath the composite tank as described
in Section C.9.2.1.1. Water infiltration would
continue to wash contaminants out of the tank.
For direct radiation, the receptor is assumed to
stand immediately above the tanks, which would
be shielded by 10 feet of soil, except for the
intruder, which gets no benefit of shielding. In
addition, DOE analyzed the impacts of a direct
release of contaminants from the five full mixed
transuranic waste/SBW tanks to the soil. Section
C.9.6 provides further description of this sce-
nario.
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Table C.9-3. Analyzed scenarios.

- New Information -

Alternative

Applicable Facilities

No Action

Performance-Based Closure and Closure to Landfill
Standards

Performance-Based Closure with Class A and Class C
Grout Disposal

Disposal of Class A or Class C Grout in a New Low-
Activity Waste Disposal Facility

Tank Farm (stored mixed transuranic waste/SBW)
bin sets (stored calcine)

Tank Farm (residual)

bin sets (residual)

New Waste Calcining Facility (residual)
Process Equipment Waste Evaporator (residual)

Tank Farm (residual plus Class A-type grout)
Tank Farm (residual plus Class C-type grout)
bin sets (residual plus Class A-type grout)
bin sets (residual plus Class C-type grout)

Low-Activity Waste Disposal Facility (Class A-type
Grout)
Low-Activity Waste Disposal Facility (Class C-type
Grout)

% .\\’/\\’/\\/_/\\

10 feet

R R TR

w
T
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Water Infiltration e N
Overburden N I
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FIGURE C.9-3.

Conceptual diagram of the Tank Farm - No Action scenario.

One composite tank
filled with all the
mixed transuranic waste/SBW
and tank heels

2.6 feet basemat —| -‘— E}or t;t;eedeiltgosptgl'fen
¢ * bottom of tank

Leaching Contaminants
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Under the bin sets - No Action scenario, which is
represented in Figure C.9-4, water is allowed to
infiltrate through a partially buried composite
bin set containing all the calcine of the six cur-
rently used bin sets. The constituents in the cal-
cine are then leached through the basemat and
eventually reach groundwater.  Also, the
degraded bin set can release calcine to the air.
The impact of the degraded bin sets is analyzed
as a facility accident and the results are pre-
sented in Section 5.2.14 and Appendix C.4. For
direct radiation, dose rates are calculated at 3
feet and 10 feet from the outer surface of a bin
set (a nominal distance that a person might nor-
mally be expected to stand or walk in the pres-
ence of a very large structure), which provides
5.3 feet of concrete shielding.

DOE has selected dimensions of the composite
Tank Farm tanks and composite bin sets, which
are representative of all tanks and bin sets con-
sidered in the analysis. Dimensional difference
of these facilities is discussed in the sensitivity
analysis section (C.9.6).

ldaho HLW & FD EIS

Performance-Based Closure or
Closure to Landfill Standards

Under these alternatives, the Tank Farm, bin
sets, New Waste Calcining Facility, and Process
Equipment Waste Evaporator would be closed to
meet performance-based objectives. For all four
scenarios associated with these alternatives, a
clean grout material would be used to fill the
volume of these facilities. Although studies
have shown that cementitious materials (such as
grout or concrete) can be engineered to last for
extended periods of time approaching 1,000
years or more (Poe 1998), the uncertainties of
unpredictable natural and man-made events this
far into the future requires a more conservative
approach. Hence, DOE assumes that the grout
and concrete structure of the bin sets and tanks
will instantaneously become more permeable at
500 years post-closure. The grout is assumed to
completely cover the contaminants, which were
assumed to reside on the floor of the facilities.
Figures C.9-5, C.9-6, and C.9-7 depict these sce-
narios for contaminant releases. In these figures,

Water Infiltration

4.9 feet basemat —

FIGURE C.9-4.

Conceptual diagram of the bin sets - No Action scenario.

One partially buried

com posite structure
filled with calcine

oy
f

Leaching Contaminants

No credit is taken
for steel in bins
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Overburden

Contaminated Zone

(such as tank residuals)

2.6 feet basemat

FIGURE C.9-5.

Conceptual diagram of the Tank Farm - Performance-Based Closure or
Closure to Landfill Standards scenario.
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FIGURE C.9-6.

Conceptual diagram of the bin sets
Closure to Landfill Standards scenario.
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Water Infiltration

o o

Contaminated Zone —|——
Basemat

FIGURE C.9-7.

Conceptual diagram of the New Waste Calcining Facility and Process Equipment Waste
Evaporator - Performance-Based Closure or Closure to Landfill Standards scenario.
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Leaching Contaminants

the contaminated zone refers to a layer of con-
taminated material that cannot be readily
removed from the bottom of the tanks or bin sets.
This layer of contaminated material in the tanks
is conservatively estimated, on the average, to be
about 4 inches thick. In actual practice, most of
the contaminant layer is expected to be removed
during tank closure operations.

As described in Section C.9.2.1, a major mecha-
nism for contaminant transport out of these facil-
ities would be leaching by water. Because the
facilities are above the aquifers underlying
INTEC, the primary source of water for leaching
would be precipitation that moves vertically
through the facilities and transports contami-
nants to the aquifer system. Precipitation in the
region of INTEC averages approximately 9
inches per year. However, due to evaporation
and runoff, the actual infiltration rate into soils in
this area is about 1.6 inches per year (Rodriguez
et al. 1997).

During the 500 years prior to the assumed failure
of the grout and concrete structure, a minimal

C.9-15

amount of leaching was assumed to occur, and
DOE took no credit for the presence of steel lin-
ers in the Tank Farm or bin sets. The hydraulic
conductivity of the grout and the concrete in the
facilities would limit the actual amount of water
that can move through the facilities. However,
after the assumed failure at 500 years occurs, the
cementitious materials were assumed to have a
much higher hydraulic conductivity, allowing
more water to pass through the facilities and
leach contaminants to the aquifer system. The
chemical characteristics of the grout, however,
are expected to persist long after the analysis
period of 10,000 years (DOE 1998). Therefore,
DOE believes that the chemical characteristics
of the water passing through the grout would
continue to inhibit the amount of leaching that
would occur after failure.

Direct radiation is also another exposure mode
and would be modeled in a manner similar to
that for the No Action scenarios for Tank Farm
and bin sets (except for different inventories and
shielding). For the New Waste Calcining
Facility and the Process Equipment Waste

DOE/EIS-0287
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Evaporator, the receptor is assumed to stand on
top of the entombed facility. Section 2.4 of the
Calculation Package provides additional details.

Performance-Based Closure with Class
A and Class C Grout Disposal

As discussed earlier, a Class A or Class C-type
grout mixture would be generated as a result of
some potential waste processing alternatives
involving separations that are described in
Chapter 3. DOE assumes for purposes of analy-
sis that this grout would be similar in chemical
composition to that described above for the
Performance-Based Closure Alternative, except
that the grout in this alternative would also carry
contaminants as a result of implementing the
waste processing alternatives.

This grout would be used to fill the Tank Farm
and bin sets, resulting in two scenarios. The
grout contains contaminants in addition to those
that would be present in the facilities to be
closed. Therefore, there would be two sources
of contaminants in the Tank Farm and bin sets:
the residual contamination following cleaning
activities and the contamination in the Class A or
Class C-type grout to be poured into the facili-
ties. Figures C.9-8 and C.9-9 represent the two
scenarios. Direct radiation would be modeled in
a manner similar to that done for the
Performance-Based Closure Alternative (except
for a different contaminant inventory). Section
2.4 of the Calculation Package provides more
details.

Dispoeal of Class A or Class C Grout
in a New Low-Activity Waste Dieposal

Facility

The Class A or Class C-type grout could be dis-
posed in a new Low-Activity Waste Disposal
Facility specially constructed to minimize leach-
ing. Under this alternative, the grout is assumed

- New Information -

to remain intact for 500 years, after which time
the grout would fail in a similar fashion as that
described for the Performance-Based Closure
Alternative. The increased hydraulic conductiv-
ity would allow more water to flow through the
grout, but the chemical properties of the reduc-
ing grout are assumed to remain unchanged over
the period of analysis. Figure C.9-10 depicts the
conceptual model of the two scenarios associ-
ated with this alternative. Direct radiation would
be modeled with the receptor standing on top of
the facility, which would be covered by 7 feet of
soil and 3.5 feet of concrete. Section 2.4 of the
Calculation Package provides more details on
the conceptual model for this alternative.

The analysis of the Low-Activity Waste
Disposal Facility in this appendix is based on the
preliminary design prepared for the EIS (Kiser et
al. 1998)." If the onsite near surface landfill
option is selected, DOE would develop a
detailed design for the Low-Activity Waste
Disposal Facility in accordance with applicable
regulations. The final design could include fea-
tures that would influence the long-term perfor-
mance of this facilityy DOE would conduct
supplemental National Environmental Policy
Act evaluation, if necessary, and prepare a radi-
ological performance assessment as required by
DOE Order 435.1 prior to finalizing the design
for a near-surface disposal facility. Additional
review would also occur during the permitting
process for such a facility.

C.9.2.4 Analytical Endpoints

Future human receptors who work at or near the
closed INTEC facilities may be exposed to
radionuclides and to carcinogenic and noncar-
cinogenic chemical contaminants. For radionu-
clide exposures, commonly used endpoints to
report comparative analyses results are lifetime
dose and lifetime latent cancer risk. Specifically,
the term "lifetime dose" means total effective
dose equivalent that results from a given expo-

* The reference design used to analyze impacts for this appendix does not include some of the features normally asso-
ciated with RCRA disposal facilities (such as clay liners, leachate collection and contaminant collection systems,
etc.), some of which provide retardation of contaminants to the soil column. Thus, the environmental impacts ana-
lyzed for disposal of Class A or Class C-type grout in this appendix are extremely conservative.
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FIGURE C.9-8.

Conceptual diagram of the Tank Farm - Performance-Based Closure with
Class A or Class C Grout Disposal scenarios.
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FIGURE C.9-9.

Conceptual diagram of the bin sets - Performance-Based Closure with
Class A or Class C Grout Disposal scenarios.
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FIGURE C.9-10.

Conceptual diagram of Class A or Class C grout disposal in new Low-Activity Waste

Disposal Facility.

sure scenario. This term includes the external
dose received during the exposure period as well
as the committed effective dose equivalent that
results from the intake of radionuclides over the
exposure period. Since contaminant concentra-
tions in the environment vary with time, doses
are calculated for periods when the overall dose
rate would be highest. For nonradiological con-
stituents, human health hazard quotients are used
as a measure of the ratio of the chronic intake
rate to the U.S. Environmental Protection
Agency (EPA) reference dose. Since it is not
appropriate to sum hazard quotients for contam-
inants with different toxicological endpoints,
these are reported separately for each contami-
nant. Hazard quotients are also calculated at the
time of maximum environmental concentration.
Another basic endpoint is the lifetime cancer risk
from exposure to carcinogenic chemicals, calcu-
lated for the period of peak environmental con-
centrations. Finally, groundwater concentrations
of the individual contaminants during the peak
year are presented for comparison to regulatory
standards. Drinking water standards (40 CFR

DOE/EIS-0287 C.9-16

141) are based on intake of radionuclides and are
calculated using specified methodology and
assumptions to derive radionuclide-specific con-
centration limits. All these endpoints apply to all
receptors and are reported in Section C.9.5 by
scenario.

In addition to these basic endpoints, there are
several intermediate results that could be
reported. These include individual pathway
results for each receptor and individual con-
stituent, reported by scenario. These intermedi-
ate results are not provided in this appendix but
appear in the Calculation Package.

In summary, Section C.9.5 reports the following
analytical endpoints:

peak contaminant groundwater concen-
trations for comparison to drinking
water standards

total lifetime radiation dose by receptor,
facility and scenario
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» excess radiogenic cancer probabilities
by receptor, facility and scenario

* human health hazard quotients by con-
taminant, receptor, facility and scenario

» nonradiological cancer probability
(summary description only)

C.9.3 EXPOSURE AND TRANSPORT
MODELING DESCRIPTION

C.9.3.1 Releases From Closed Facilities

C.9.3.1.1 Model Description

The leaching of contaminants out of the closed
facilities’ to the unsaturated zone would be pri-
marily one-dimensional movement in the down-
ward direction. Therefore, DOE used the
MEPAS (Buck et al. 1995) code developed at
Pacific Northwest National Laboratories
(PNNL) to calculate the flux of contaminants
from the facilities. The calculational methodol-
ogy for MEPAS was developed by PNNL in the
1980s and is based on active transport in one
dimension with dispersion allowed in three
dimensions. MEPAS uses analytical solutions
incorporating partitioning coefficients expressed
as distribution coefficients, the porosity and
hydraulic conductivity of the media, the water
infiltration rate, and a dispersivity coefficient to
calculate the amount of leaching that occurs in
the source zone and ultimately the flux from the
facility.

C.9.3.1.2 Conceptual Model
Configuration

Due to the one-dimensional nature of MEPAS,
the solutions are based on the assumption that
precipitation will move through the residual con-
taminants based on the infiltration rate and

ldaho HLW & FD EIS

hydraulic conductivity of the layers between the
residual contaminants and the ground surface,
leach material as determined by the partitioning
coefficient, and move the contaminants down-
ward to the soil beneath the tanks. Because
MEPAS was used only for flux calculations from
the facilities, the groundwater modeling portions
of this code were not used, and the flux results
were coupled with results from TETRAD to
determine the groundwater concentrations.

DOE calculated the fluxes assuming that the
facilities would remain intact until structural
failure (physical degradation of the concrete and
grout) is assumed to occur at 500 years post-clo-
sure. Therefore, the flux from the facilities is
expected to leach a negligible small amount of
contaminants prior to the assumed failure time.
After 500 years, the grout and concrete are
assumed to instantly become more permeable,
with the structural failure allowing an increased
flow of water through the facilities and provid-
ing greater volumes of leachate to the vadose
zone. Section 5.1 of the Calculation Package
presents further details on the methodology for
calculating contaminant releases from closed
HLW facilities.

Because the driving force for contaminant
migration out of closed HLW facilities has been
assumed to consist of infiltration of water
through the closed facility, the most important
parameters in modeling the leaching of contami-
nants are distribution coefficient (Kq), hydraulic
conductivity, infiltration rate, and porosity. To
support the selection of parameter values, DOE
conducted a literature search of published
parameter values considered to be reasonable for
INEEL conditions (Kimmel 2000a). Based on
this review and an understanding of the chemical
and physical conditions related to the closed
HLW facilities, a set of parameter values were
selected for the facility release modeling.
Section 5.1 of the Calculation Package presents
further description of the source, identity, and
use of these input parameter values.

* Closed facilities analyzed for leaching of contaminants include: (1) the tanks and bin sets, closed with clean or Class
A or Class C-type grout; (2) the new Low-Activity Waste Disposal Facility; and (3) the Process Equipment Waste
Evaporator and New Waste Calcining Facility, facilities that could have a significant inventory of radioactive mate-

rials after closure.
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C.9.3.2 Vadose Zone and Aquifer
Transport Modeling

In order to model contaminant transport from the
closed facilities through the vadose zone, and
eventually through the aquifer, DOE used two
conceptual models that have been used success-
fully in the Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA) process at INTEC for the Waste
Area Group 3 (WAG 3) Remedial
Investigation/Feasibility Study (RI/FS)
(Rodriguez et al. 1997). The first of these two
models was used to model the infiltration of
water and the subsequent transport of contami-
nants through the vadose zone. The vadose zone
was modeled with contaminants originating pri-
marily near ground surface and allowed to infil-
trate vertically as well as to spread laterally.
DOE updated and simplified this approach
(Schafer 1998) for the modeling performed at
INTEC. This updated methodology was
checked against previous model runs for various
fluxes and found to be in close agreement with
the model predictions (Schafer 1998).

Water and contaminant mass flow through the
bottom layer of the vadose zone model were then
used as the upper boundary condition for the
aquifer simulation domain. The overall model
was optimized to predict contaminant concentra-
tions for a typical contaminant with specific
characteristics (e.g., half-life, distribution coeffi-
cient).

The overall model was adjusted for hydrogeo-
logic conditions at INTEC (Rodriguez et al.
1997) and the simplified approach was used to
assess the specific disposition scenarios. In gen-
eral, representative locations were selected and,
for each of the locations, full three-dimensional
vadose and aquifer models were simulated to
inject a "unit" mass of a contaminant. Mass flux
to the aquifer resulting from the unit mass of
contaminant was computed and used to estimate
contaminant concentrations in the aquifer.
These concentrations were used for subsequent
risk calculations (see Section C.9.3.4).

C.9.3.2.1 Model Description

In the WAG 3 RI/FS (Rodriguez et al. 1997), the
vadose zone-aquifer system at INTEC was sim-
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ulated using a three-dimensional transient pro-
gram called TETRAD. This model was success-
fully used and gained the approval of regulators.
The TETRAD program allows incorporation of
the heterogeneous physical properties necessary
to solve the vadose zone infiltration problem
with the large areal and point source influxes of
water and contaminants. During the WAG 3
RI/FS modeling, the simulation was divided into
a vadose zone conceptual domain and an aquifer
conceptual domain. The bulk of the computa-
tional time was expended solving the vadose
zone transport equations mainly due to the non-
linearity introduced through the dependence of
permeability on pressure and saturation.
However, in a steady state flow system, the per-
meability becomes a constant in time, and the
system of equations become linear. The linear-
ity is achieved by allowing the vadose zone to
reach steady state conditions, which implies that
contaminants released at a particular surface
location follow the same flow path regardless of
when the release occurs. Using a steady-state
approach, an updated methodology was devel-
oped (Schafer 1998) to estimate the mass flux to
the aquifer by scaling from a previous computer
simulation. Mass flux estimates were prepared
using this methodology and were compared with
the TETRAD model results and found to be in
good agreement. This methodology provides an
estimate of the cumulative mass flux to the
aquifer. A similar approach was used for the
HLW facility disposition modeling.

During the TETRAD simulation, the contami-
nant mass flux through the bottom plane of the
vadose zone model was the output throughout
the vadose zone modeling time frame. These
mass fluxes were then used as input as source
terms for the top plane of the aquifer model.
During the WAG 3 RI/FS, the sensitivity of pre-
dicted contaminant migration to the parameters
used to implement the conceptual model was
obtained. The base-case conceptualization of
the flow and hydraulic transport domain was
representative, rather than overly conservative.
The TETRAD model was calibrated using con-
centration distributions of known contaminants
from known releases. As a result, predicted con-
centrations in the WAG 3 RI/FS were based on
the best information available, within acceptable
accuracy. The use and utility of TETRAD and
its specific attributes have been well documented
in the following references: Shook (1995),
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Shook and Faulder (1991), Magnuson (1995),
and Vinsome and Shook (1993).

The updated methodology using previously cali-
brated TETRAD model results involved the fol-
lowing.

» Representative locations were selected
and for each of the facilities, full three
dimensional vadose and aquifer models
were used to inject a "unit" mass of a
contaminant.

*  Mass flux to the aquifer resulting from
the unit mass of contaminant was com-
puted and used to estimate contaminant
concentrations in the aquifer.

e These concentrations were used for sub-
sequent risk calculations.

C.9.3.2.2 Model Configuration

The physical and hydrogeologic setting of
INTEC is highly complex, consisting of layered
basalt and sediment units. Perched water zones
exist within the vadose zone and several large
water sources at the surface currently contribute
to them. As INTEC facilities are dispositioned,
these water sources will also be closed except for
local precipitation and flow in the Big Lost River
as discussed in Section 4.8.1. Therefore, most
water sources would cease to contribute to the
perched water during the 10,000-year period of
analysis. In order to account for the complex
nature of the subsurface at INTEC, three-dimen-
sional modeling (using TETRAD) was used.

Simulation Domains

The domains were similar to the ones considered
during the WAG 3 RI/FS. The vadose zone
model extends 2,000 meters in the east-west
directions and 3,000 meters in the north-south
direction. This area extends approximately 800
meters beyond the INTEC boundaries in the
north-south direction and 600 meters in the east-
west direction (Rodriguez et al. 1997).
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Simulation of Source Area Locations

Based on the facility disposition scenario, con-
taminant sources were defined and incorporated
into the simulation model at a grid block or a set
of grid blocks. Similar methodology has been
successfully used during the WAG 3 RI/FS
(Rodriguez et al. 1997). In the numerical simu-
lation model, the horizontal grid block locations
for all sources were defined by overlaying the
numerical grid on a map of the INTEC area.
Each contaminant source was identified by a
grid block and source input parameters were
applied for the corresponding block. Using the
surface source term information on a unit basis,
the updated methodology (Schafer 1988) was
used to simulate the transport of a contaminant
through the vadose zone and a mass flux curve
was computed for a facility. Cumulative mass
flux to the aquifer was then calculated. The
mass flux was then used to simulate the transport
of contaminants in the aquifer and to estimate
the resulting concentrations. These concentra-
tions were used for subsequent risk calculations.

Scope of the Model

The horizontal extent of the vadose zone model
was defined by the INTEC footprint.
Contaminant transport was first simulated
through the vadose zone model and the mass
flux out the bottom of the vadose model is used
as an input to the aquifer model. Model predic-
tions were made to estimate the magnitude and
time of peak concentrations within the domain.
The simulations were focused on obtaining
future groundwater concentrations to support the
10,000-year risk evaluation.

C.9.3.2.3 Modeling Assumptions
and Uncertainties

Several assumptions were made during the sim-
ulation of TETRAD for the WAG 3 RI/FS. As
the same model is projected to be used for clo-
sure modeling, previous assumptions and
approximations (made during the RI/FS) for
parameters/methods to estimate some properties
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are applicable. A key assumption for this
approach was that the steady-state vadose zone
model adequately describes the flux to the
aquifer.

Uncertainties associated with model predictions
include the degree to which the conceptual
model represents unsaturated and saturated zone
flow and transport processes at the INTEC, the
choice of contaminant-specific distribution coef-
ficients, and the accuracy of the estimated source
term. However, during the RI/FS, the model was
calibrated with collected data and was found to
predict the contaminant movement effectively.

C.9.3.3 Direct Radiation Exposure

The assessment of exposure scenarios includes
cases where future receptors are exposed to
direct radiation from either (a) radionuclides in
contaminated soil; (b) residual radioactivity in
closed facilities; or (c) facilities used for radioac-
tive waste disposal. The latter include the Tank
Farm, bin sets, and other facilities that could
have a significant inventory of radioactive mate-
rials after closure. External dose rates were
developed for soil and facilities using the IDF
code, which is part of the GENII package
(Napier et al. 1988). The conceptual models
used to facilitate these assessments are described
in Section C.9.2.1. A summary of general
assumptions and considerations used in the
external dose assessment is provided below. For
additional detail, the reader is referred to
Sections 3.4 and 3.6 of the Calculation Package.

Exposure to direct radiation from soil results
from irrigation of land using groundwater con-
taminated with radionuclides. During the con-
taminant screening process described in Section
C9.4.2, only Tc-99 and I-129 remained for
groundwater pathway analysis. These radionu-
clides were assumed to be pumped from the
groundwater to the surface for irrigation and to
be evenly distributed in a 6 inch-thick soil layer
which is modeled as an infinite slab. The dose is
evaluated at a point 1 foot above the slab. The
soil exposure pathway is only credible in the dis-
tant future, since considerable time would be
required for these radionuclides to leach from
closed facilities (which are assumed to remain
intact for 500 years), migrate through the vadose
zone and reach the aquifer. Exposure to radionu-
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clides in soil is assumed to coincide in time with
radionuclide intakes from other groundwater-
derived exposure modes (ingestion of water, soil,
food products, etc.). Therefore, doses from these
exposures are additive.

For radiation emanating from closed facilities,
DOE calculated dose rates based on available
radionuclide inventory ("source term") data in
conjunction with a conceptual model (geometry,
shielding materials and thicknesses, etc.) that
approximated the system under evaluation. The
source term for the reference HLW tank or bin
set was based on the individual tank or bin set
with the highest projected inventory for each
closure scenario. The estimated radionuclide
inventory (in curies) was converted into units of
activity per unit volume or area, depending on
the system being modeled, for use as input to the
IDF model. (See Section 5.4 of the Calculation
Package for facility-specific source terms.) The
radionuclide inventory was evaluated at 2095,
and dose rates were calculated for all radionu-
clides with significant penetrating emissions (not
just Tc-99 and 1-129 as in the soil case). These
dose rates were then summed to determine a
total dose rate. For below-grade (buried)
sources, substantial shielding is provided by the
soil overburden. This shielding is assumed to
remain intact in all cases except intruder scenar-
10s, which assume that an individual unknow-
ingly removes soil shielding by excavating
around a buried source. In contrast to the soil
exposure case, which is driven by contaminated
groundwater, exposure to direct radiation from
closed facilities is only important for a few hun-
dred years after the period of institutional con-
trol. This is because the dose rate is driven by
relatively short-lived radionuclides (primarily
Cs-137/Ba-137m) that will undergo considerable
decay by the time groundwater-derived path-
ways become credible.

C.9.3.4 Calculation of Impacts
to Receptors

The general methods and data that DOE used to
calculate impacts to receptors are consistent with
those used in previous baseline risk assessments
performed at the INTEC. The process involves
the use of conceptual models, equations and data
to calculate the transfer of contaminants to
media that serve as intake or exposure sources
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for the postulated receptors. Various constants
are used to account for individual habits of these
postulated receptors. These constants may be
either generic, or they may be specific to recep-
tors, scenarios or contaminants. Body weight of
an adult receptor is an example of generic data,
whereas parameters such as exposure duration,
food or water intake rates, etc. use receptor-spe-
cific data. Dose factors and toxicological data
are examples of contaminant-specific constants.
The data and equations used are detailed in the
supporting Calculation Package, while a general
overview of the method is presented below.

The impact calculation process can be broadly
divided into radiological and nonradiological
assessments. The primary goal of the radiologi-
cal assessment is to estimate radionuclide
intakes, internal and external dose, and associ-
ated radiogenic cancer risk for specific receptors
under various facility closure scenarios.
Radionuclide intake and internal dose are calcu-
lated only for the groundwater pathway, includ-
ing all significant ways that radionuclides in
groundwater could reach human receptors. The
exposure pathways are identified in Table C.9-2.

The radionuclide intake (in units of picocuries)
was calculated and then multiplied by the appro-
priate ingestion or inhalation dose factor (with
units of millirem per picocurie) to determine
effective dose equivalent in millirem. Dose from
external radiation exposure was calculated sim-
ply as the product of the dose rate (in millirem
per hour) and the total exposure period (hours).
As previously mentioned, concurrent internal
(from groundwater) and external (from closed
facilities) doses are not credible. For this analy-
sis, the maximum of the two is used to represent
peak dose. Radiogenic cancer risk from internal
exposure was estimated by multiplying the inter-
nal dose (millirem) by the appropriate cancer
slope factor (risk per millirem). Cancer risk
from external exposure was estimated using can-
cer risk factors (risk per millirem) for workers or
the general population, as applicable, recom-
mended by the International Commission on
Radiological Protection. The radiogenic cancer
risk value can be loosely interpreted as the
increased probability that the individual will
develop a fatal or nonfatal cancer over his or her
lifetime as a result of receiving the specified
dose.
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The method used to calculate nonradiological
contaminant intake closely parallels the method
used for radionuclides. Contaminant intake rates
[milligrams (of contaminant) per kilogram (of
body weight)-day] were calculated for each
pathway, and these were then converted to health
hazard quotients by dividing by the correspond-
ing EPA reference dose (which has the same
units of milligrams per kilogram-day). Of the
nonradiological contaminants assessed, only
cadmium is considered a human carcinogen, and
cancer risk is only quantifiable for this substance
via the inhalation mode of intake. The cancer
risk was calculated as the product of inhalation
intake (milligrams per kilogram-day) and slope
factor (risk per milligrams per kilogram-day).
For the scenarios considered here, intake rates
from inhalation of contaminated soil are very
low, resulting in risk values of less than 10", or
one in a trillion. Thus, scenario-specific nonra-
diological cancer risk values are not presented.

For both radiological and nonradiological con-
taminants, DOE developed "summary intake
factors" to facilitate the calculation of intake by
each receptor category and exposure mode.
These summary intake factors provide a simple
but effective means of calculating contaminant
intake from media concentration by incorporat-
ing all applicable constants into a single expres-
sion. These are then multiplied by appropriate
media concentrations to determine contaminant
intake. For example, the summary intake factor
for radionuclides via groundwater ingestion by
the maximally exposed resident has a value of
2.1x10" in units of liters. Multiplying this value
by the groundwater concentration in picocuries
per liter yields the estimated intake of the
radionuclide, in picocuries, by this receptor.
Summary intake factors were derived and
entered into Microsoft Excel™ workbooks to
execute the calculations and organize the results.

C.9.4 CONTAMINANT SOURCES

This section describes the methodology and
assumptions used by DOE to estimate the
amount of material remaining in INTEC HLW
facilities after closure for each of the facility dis-
position scenarios described in Section C.9.2.
The amount of contaminants within the facility
affects the quantity that could ultimately be
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transferred to the aquifer. Larger initial amounts
would lead to greater fluxes to the aquifer while
lower initial amounts would cause lower fluxes
and hence lower concentrations of contaminants
in the aquifer. DOE performed the following
activities to identify the source term values for
use in this analysis:

e Estimate the amount of contaminants
that could be left in facilities following
disposition

*  Perform screening to identify those con-
taminants that warrant detailed quantita-
tive analysis

» Identify the final list of contaminants for
further detailed analysis

Each of these activities is described in further
details in the following sections. Section 4 of the
Calculation Package presents further technical
details on the screening process methods used to
determine the source term values.

C.9.4.1 Inventory ldentification

DOE performed engineering studies to estimate
the amount of contaminants that could be left in
facilities following disposition. Section 4.1 of
the Calculation Package lists these values for
radiological and nonradiological constituents by
facility and scenario. As discussed in Section
C.9.1, for purposes of analysis, DOE assumed
that the amount and character of the residual
inventory would be the same for both
Performance-Based Closure and Closure to
Landfill Standards (for those facilities for which
both facility disposition alternatives are applica-
ble).

For all pathways except external irradiation, the
source inventories provided in the Calculation
Package were used because the entire invento-
ries were available to be released to the ecosys-
tem. The radionuclide source term was decayed
to a constant year to provide a consistent ba